INTRODUCTION
In Rwanda, the 1994 genocide against the Tutsi resulted in the mass murder of approximately one million people over a period of 100 days. 1 2 The genocide left the people of Rwanda traumatised, both physically and mentally, and disrupted the social fabric of the country. Current Rwandan residents were affected by the genocide to various degrees, including individuals who were survivors of the genocide ( primarily individuals living in Rwanda in 1994 who were targeted due to their Tutsi ethnicity) and individuals who were perpetrators of the genocide (Hutu extremist who carried out the genocidal activities). Reconciliation efforts facilitated by the Gacaca trial systems (a traditional mechanism that was used by Rwandan communities to resolve disputes) has largely reintegrated genocide perpetrators into Rwandan society. 3 4 The result is that the degree of personal genocide exposure among the current Rwandan population ranges from none at all to surviving victims and perpetrators, all living in the same communities.
A number of prior studieshave described an association between large-scaletraumatic events, such as war and genocide, and post-traumatic stress disorder, depression and suicidal ideation. [5] [6] [7] These findings appear to hold true in Rwanda, where it has been estimatedthat 53% of the postgenocidal population show symptoms of post-traumatic stressdisorder and/or depression. 8 However, research regarding exposure to genocide and completedsuicideis limited. Aside from studies of Jewish Holocaust survivors demonstrating an increased rate of suicide, 9 10 we have found no additional literature on suicide rates of survivors of other genocides. Even less is known about the lasting effects on genocide perpetrators; to our knowledge, the relationship between a history of genocide perpetration and risk of suicide has never been studied.
In Rwanda, little is known about suicide. The only reliable source of information in Rwanda is law enforcement organisations, specifically the police, created in 2000. Prior to 2000, data on suicide were non-existent and even today, no comprehensive surveillance system of suicide deaths exists. In this study, we explore the lingering effects of genocide as a risk factor for suicide in Rwanda. We considered five categories of genocide exposure: genocide survivor, physically and/or sexually abused during genocide, loss of a first-degree relative to genocide, convicted of genocide crimes and first-degree family member convicted of genocide crimes. The objective of this study is to investigate whether the type and degree of exposure to the 1994 genocide is associated with completed suicide in Rwanda. Such information may be used in the development of evidence-based public health interventions aimed at reducing the incidence of suicide in the country.
METHODS

Study design and population
We conducted a population-based case-control study. Study participants were selected from all 30 districts of Rwanda. From May 2011 to May 2013, 162 cases and 486 controls were enrolled countrywide. Only fully investigated suicides of Rwandan citizens aged 18 and older were included into this study. Cases were identified via daily reports of unnatural deaths gathered and maintained by the Rwanda National Police Commission of Operations. Exclusion criteria included unconfirmed/unclear case of suicide, inability to identify the decedent and inability to trace family members of the deceased. Suicides that met the inclusion criteria were further investigated with a trained study interviewer who ascertained the identification and residence of the victim at the police station that investigated the case and thereafter proceeded to the victim's household to collect information on the manner and circumstances of suicide and personal and family background information.
Controls were selected from living residents, 18 years of age and older, individually matched to cases by sex, age (±5 years) and residential location. Controls were identified with the assistance of local village administrators who were blinded to the aim of the study and who were asked to select three people meeting the matching criteria.
Sources of data
Information was collected from the police, local village administrators and family members. In some cases, we found next of kin who did not have some information (eg, the exact age or the level of education of the case or control), and other family members were interviewed. The decedent's next of kin were identified via the assistance of village administrators; information was collected within 1 week of the date of the suicide for both cases and the matched controls. The principal investigator (WR) reviewed all questionnaires for quality control and accuracy of data entry.
The interviews were conducted by nurses, who received in-depth training on criminal investigation and counselling given the sensitive nature of the questions. The family interviews were conducted carefully and respectfully, particularly with regard to questions related to the genocide. Owing to concern of underreporting of exposure, particularly for those who had been tried in Gacaca, when responses were deemed to be contradictory or deceptive, local police and administrators who have access to official registers were consulted.
Data collection and variables
A pilot-tested questionnaire was administered to the next of kin of cases as well as controls. The questionnaire was designed in English and then translated into Kinyarwanda (see online supplementary materials). The questionnaire consisted of two parts; the first part was only applicable to the cases and included relevant information on the specific characteristics of the suicide. The second part, collected on both cases and controls, included sociodemographic characteristics, history of alcohol and drug use, history of mental illness, the diagnosis of a lifethreatening disease within the past 6 months (HIV-AIDS, tuberculosis, cancer, malaria and others), feelings of loneliness within the prior 3 months, past criminal record and a personal or family history of suicidality.
The primary exposures considered were as follows. A survivor was defined as a Rwandan who was living in Rwanda during the genocide period (6 April-4 July 1994), in governmentcontrolled territories and who was of Tutsi ethnicity. This aligns with the Government of Rwanda definition of survivor 11 and United Nations resolution 2136 on DRC sanctions. 12 A perpetrator in the 1994 genocide was an individual who had been convicted of a genocide crime either in Gacaca or criminal court. Additional exposures included if the study participant had been physically, sexually and/or emotionally abused during the genocide, had lost a first-degree relative to the genocide or had a first-degree relative convicted of genocide in Gacaca or criminal courts.
Statistical analysis
A sample size calculation indicated a minimum sample of 150 cases matched with 450 controls with an anticipated OR of 2.0, assuming a control population exposure probability of 50%, with 95% power to detect a difference and 5% α-error for a two-sided test. The distribution and circumstances of suicide were examined with descriptive statistics. Conditional logistic regression modelling was used to identify risk factors for suicide. First, univariable logistic regression models were fitted for all potential confounding factors. Next, a Mantel-Haenszel test of homogeneity was used to identify interactions between confounders and primary exposures to include in the model.
Finally, multivariable conditional logistic regression was used to assess the association between each potential hypothetical genocide exposure variable and suicide. Each exposure category was modelled separately. All models were controlled for potential confounders that were considered in the study design based on the existing literature and the investigator conceptual framework. Suicidal ideation was excluded from the multivariable analysis because it was on the suicide causal pathway. Matching variables, namely age, sex and village of residence, were not included in the conditional logistic regression models. The statistical analysis was performed using STATA V.11.2 (StataCorp, College Station, Texas, USA).
Ethics
Informed verbal consent was sought and obtained from study participants (for controls) and next of kin before their participation in the study. We opted for oral consent because of low literacy in rural Rwanda. All informations were kept in a secure location and data analysis was performed on a de-identified data set. The study was sponsored by the WHO, which had no role in study design, data collection, data management, data analysis and interpretation, the writing of the paper or its submission for publication.
RESULTS
Of the 162 cases of suicide that were investigated, 125 (77.2%) were male and 37 (22.8%) were female. The most common method of suicide was hanging with 97 cases (59.9%), followed by poisoning, 49 (30.3%); drowning, 9 (5.6%) and suicide by other methods (use of a spear, gunshot wounds and self immolation), 7 (4.2%). The majority of suicides, 117 (72.3%), took place at the home of the deceased (table 1) . Of the suicide cases investigated, 24 (14.3%) were convicted for genocide, 16 (9.5%) were Tutsi genocide survivors and 1 (0.6%) was a moderate Hutu who was threatened during the genocide. The remaining 121 (75.6%) were people who were not classified as either a survivor or having been convicted for the 1994 genocide crimes according to the study definitions (table 1) .
In the univariable analysis, there was a significant difference between the proportions of people who had been convicted of genocide by Gacaca or criminal courts among suicide victims (14.8%) compared with controls (5.8%; OR=3.5, 95% CI 1.8 to 6.9, p<0.001). In contrast, there were no significant differences in the proportions of individuals who had first-degree family members who had been found guilty of genocide crimes between suicide victims and controls. No significant differences were found in the frequency of genocide survivors or having been physically or sexually abused during the genocide between suicide victims and controls. On the contrary, the frequency of having lost a first-degree relative to the genocide was significantly lower in the cases (8.6%) than the controls (15.2%) (OR=0.5, 95% CI 0.3 to 0.9, p=0.029; table 2).
There were significant differences between cases and controls for a range of sociodemographic, psychological, clinical and criminological risk factors. Factors that significantly increased risk of suicide included a history of divorce, polygamy, living alone, 'other' employment status (encompassing categories of people not working for known reasons such as being a student, or being a disabled or retired person), a recent diagnosis of a chronic disease, moderate to heavy alcohol and drug use, suicidal ideation, previous suicide attempts, a family history of suicide and a history of criminal activity (table 3) . Education was found to be protective against suicide. No significant interactions between these risk factors and genocide exposure groups were found.
In the multivariable analysis, after adjusting for all significant covariates, none of the genocide survivor characteristics were associated with risk of suicide (table 4). The only genocide-related variable that was associated with high risk of suicide was having been convicted for genocide-related crimes (OR=17.3, 95% CI 3.4 to 88.1, p=0.001).
DISCUSSION
Our results demonstrated, rather surprisingly, that genocide survival was not associated with a higher risk of committing suicide in Rwanda. Indeed, all of the categories of survivors demonstrated a decrease in suicide risk, although the association was only marginally significant for individuals who lost a first-degree relative in the genocide. These findings differ dramatically from the results of a community-based study, carried out in four sectors of the Muhanga district, in the Southern province of Rwanda that showed 25% of survivors enrolled in that survey presented with suicidal tendencies. 13 Similarly, our findings are in discordance with what has been reported previously, particularly in studies of Jewish Holocaust survivors. Extremely high rates of suicide have been reported among Jewish survivors of persecution associated with World War II, particularly among those who were interned in ghettos and concentration camps. 14 Other authors have described high rates of suicidal ideation in Holocaust survivors living in Canada andIsrael. 9 10 High rates of suicide have also been reported in populations of survivors of cultural genocide among indigenous people in Australia and Canada. 15 There are at least two plausible explanations for the unique findings in Rwanda. First, following the genocide the Rwandan government implemented a number of social programmes designed to improve the socioeconomic situation of genocide survivors. These programmes include FARG (genocide survivors assistance fund), a fund for the provision of assistance to child survivors, and survivor organisations such as IBUKA (umbrella of genocide survivors associations) and AVEGA Agahozo (genocide survivors widows' association), among others. The high degree of contact and support available to survivors has likely served as a deterrent to suicide. A second explanation is survivor bias, which postulates that it is reasonable to presume genocide survivors with the highest propensity for suicide died in the months and years directly following 1994. The result would be that the current population of genocide survivors is, in fact, more resistant to suicide than other groups. However, studies on the Holocaust have shown that suicide risk can still be high even many years after exposure. 9 10 In contrast with the finding of lowered suicide risk for survivors, we found a higher risk of suicide among individuals convicted for genocide crimes (genocide perpetrators). Our findings are in line with the results of a survey in Muhanga district, Southern province, which revealed that 7% of former prisoners, who were convicted for their participation in genocide, presented with suicidal tendencies. 13 The most obvious explanation for our findings is the lifelong stigma that presumably accompanies the commission of the atrocities that are associated with genocide, particularly one of such a massive scale. There is evidence of an increased level of guilt among Rwandan perpetrators, 13 and further examination of this subpopulation is needed to assess levels of depression and acceptance by society. These psychological disturbances are likely compounded by other negative life events experienced by perpetrators, including war, poverty, family disruption, and the criminal charges and associated penalties. 16 In univariable analysis, there were a number of previously identified factors and potential confounders that were found to be significantly associated with suicide in the present study and significant factors were controlled for in the multivariate analysis. [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] We identified a strong association between suicidal ideation in the prior 3 months and suicide, but excluded this from the multivariate model because it lay on the causal pathway between exposure and outcome.
Strengths of the present study were the population-based case-control study design, the prospective identification of cases, the large sample size and the close collaboration with police investigators who had first hand and reliable information on the suicides. There were, however, several limitations to consider as well. Selection bias in the identification of appropriate control populations is of concern in suicide case-control studies. Further, controls in this study were identified by village leadership because a list for random selection was not feasible. This latter point is of concern, because it is possible that individuals who are more popular or who exhibit more positive behaviours would be selected by the village administrator. However, we believe these biases are minimised by working closely with village leadership who were blinded to the study objectives and the fact that given the small numbers in villages, few individuals would meet the matching criteria often leading to exhaustive selection of eligible controls. Another limitation is that suicide was based on police assessment and not on an official coroner report, which is currently not available in Rwanda and it is possible that some cases were mistakenly classified as suicide. In this study, 84% of suicide cases underwent postmortem examination and unclear suicide cases were excluded, so we are relatively confident that cases had indeed committed suicide.
Some recall and desirability bias may have also been introduced in the methodology of the study. Although the interviews were carried out within a week of the death, the presence of recall bias within the family likely varied due to differing frequency of contact and levels of knowledge of the study participants. Further, even though 20 years had elapsed, interviewing family members regarding the level of participation in the genocide is a delicate matter, and one that may not always elicit accurate and honest responses. When possible, village administrators were consulted to confirm whether or not an individual had been charged and convicted for a genocide-related crime. Finally, it is possible that some potential confounders were missed and not controlled for in the multivariable model. However, great care was taken during the study design phase to identify reasonable confounders and these were included here.
The nature of the 1994 genocide is unique. Many other documented genocides, for example, the genocides in Cambodia 29 and Bosnia, 30 were carried out by state sponsored military and paramilitary groups over a number of years. The 1994 genocide was brief (100 days) and occurred at an unprecedented rate with many of the perpetrators including neighbours, friends and even relatives operating under government directives. Ultimately, this fact may provide a partial explanation for the results seen here; despite the enormous scale of the Rwandan genocide, it was relatively short-lived, and immediately followed by a change in government and the implementation of remedial efforts directed at the survivors. The perpetrators, who often rejoined society, may be experiencing persisting social exclusion. Further study is needed to better understand the reasons for increased risk for suicide among reintegrated individuals charged with genocide for the development of effective strategies that can reduce the rate of suicide in this high-risk group. Future research will also explore general risk factors for suicide in Rwanda in order to address this pressing health issue.
What is already known on this subject
There are few studies that research the lasting relationship between genocide and suicide, and those that exist show a higher incidence of suicide among genocide survivors even decades later. The 1994 Rwanda genocide is unique because perpetrators and victims were from the same community and after the Gacaca traditional reconciling trials many perpetrators were reintegrated, living side-by-side with survivors. To our knowledge, there are no analytical studies on the association between genocide and suicide in this context. 
